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THE EFFEC'r OF SODIUM .AND POTASSIUM IONS 
ON THE TDrJE OF SET OF SILICIC ACID GELS 
• 
A thesis, presented to the Department 
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HI8TORICAL 
It has been demonstrated by various investigators that the 
addition of an electrolyte to a silicic acid gel mixture, other 
factors remaining constant, wi.Ll, produce a change in the tiue of 
set of the mixture. u-raham (1) considered. the sodiun chloride 
formed in the reA.ction b etv1een sodium silicate and hydrochloric 
acid to be responsible for the setting of the gel. 1rurd, Liller 
and Hayillond {2) reported that sodium chloride, sulnhate, and 
nitrate decreased the t i.ne required for gelntion. Yajnik and 
Haksar (3) shewed the relative effect of various ions on the 
transparency of gels, those ions producing the clearest gels 
having the least accelerating effect on the setting process. 
lJrasad and Hattiangadi ( 4) studied the effects of several sod Lum 
and JJotassiurn. salts an d showed that tile »ot.as s i.um s al, ts produced 
a greater accelerating effect in all cases. Rhoades (5) also 
determined the relative accelerating effects of the alkali Betal 
ions and numerous anions. \/erner ( 6} perfor~1ed extensive tests 
to determine the effects of' a large number of anions and cations. 
IN11RODUCTION 
This paper will deal vdth the relative effect of the potassium 
and sodium ions on the tiNe of set. To determine this effect, gels 
were prepared using potassium silicate in place of the sodium 
silicate used in the previous experiments on the effects of 
electrolytes in this laboratory. 'l1he heat of activation for the 
setting of the J:iotassium silicate gels was deterrnined by the 
method used by jrur d and Letterton ( 7) in wh i.c h the logarithm of 
the time of' set was plotted ago.inst the r-ec i.trro c a L absoulte 
I) 
t emper-at.ur e , the heat of activation being c orrou t ed r rorn the slope 
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of the resulting line by me an s of' Arrhenius' equation. Runs 
wer-e then made in v1h;Lch the potassium silicate was replaced in 
steps by a sodium silicate solution of eouivalent alkali and 
silica concentrations. '11he effect of sodium and potassiun chlor- 
ides on the potassium silicate gels was compared with the effect 
on sodium silicate gels. 
'rhe silicate solutions used in these ex1)erhH:mts wer e nade 
from "E Brandtr sodium silicate and uK_-Sil ff6" po t.ass i.um silicate 
both of VJ'hich are produced by the Philadelphia Quartz Company. 
'I'he s e we.re diluted 1,.ri th freshly boiled distilled water to obtain 
solutions wh i c h were 1.25 N wl.t h respect to NaOH and KOH respect- 
i vely. 'I'he solutions wer e standardi7,ed by titration vri th sul- 
phuric acid using methyl orange indicator. The acid ercp.Loy ed was 
2.00 N acetic acid stru1dardi~ed with sodium hydroxide solution. 
The sodium, potassium, and lithium chloride solutions which wer e 
used in the gel mixtures were 2.00 molar. 
0 
'I'he gel mixtures, except those wn i.c h we r e set at 0 C., were 
mixed in 100 ml. beakers. 'rhe silicate solutions were placed in one 
set of beakers while the mixtures of acetic acid, the electrolyte 
if any, and the amount of water reauired to b r i ng the mixture to 
the desired volume ·were placed in another set of' beakers. 11he two 
sets of beah:ers we re thermostated at the desired temperature 
before the mixing of the t.wo solutions. 'l.1he thernostat used was 
a water bath equipped with a knife type heating unit, a DeKhotin- 
sky thermal regulator and an electric stirrer. The solutions were 
then mixed by pouring the silicate solutions into the acid sol- 
utions and nouring the mixture from one beaker to the other four 
times. 1rhe solutions were then placed back in the t.nerrsost at 
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during the gelation period. The total volutjl.e of all the gel 
mixtures mixed by this method was 80 ml., the difference between 
the volume of the silicate, acid and the eledtrolyte solutions 
being made up by water. In the case of the gels which were set 
at o0, the same general procedure vms followed, but the beakers 
were replaced by stoppered, 250 ml. Erlenmeyer flasl{S, and the 
amoun t s of the constituents were doubled, making a total volume 
of 160 ml. rrhese gels ·were kept at o0 by packing them in snow in 
a thermostat insulated by sawdust. The tilted rod test used by 
Hurd and Letterton (7) was used to deteruine the point of setting. 
This test consists of inserting a 10 cm. pointed stirring rod 
into the gel nnxt.ure until the time is reached when the rod is 
supported by the gel at an angle of approximately 20°. 
In the series of experiments to determine the energy of activ- 
ation of the potassium silicate gels, mixtures containing 25 ml. 
of 1.22 1J potassium silicate and 35, 40, 45, and 50 ml. of 2.00 N 
acetic acid were set at 25°, 35°, and 45° C.; gels containing 
twice these amounts were set at o0 c. 
1].1he gel mixtures containing varying amount e of' both sodium 
and potassium silicates were made of soib.utions which were 1.25 N 
with respect to HaOH and KOH respectively. 'I'he soda-silica ratio 
of the sodium silicate was 1:3.32 and the potash-silica ratio of 
the potassium silicate was 1:3.29. Since this means a difference 
of less than l~b which is about the same as the experimental error 
involved in the methods used, the silica concentration was assumed 
to remain constant when the potassium silicate was replaced by 
the sodium silicate. pH readings we r e taken wi t.h a calomel elect- 
rode for the mixtures in the series containing 50 ml. of acid and 
very little difference in pH was ob served in the mixtures. 'l1hus 
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the only factor influencing the time of set which was varied in 
these runs was the concentration of the individual cations, the 
total cation concentration remaining constant. rrhese solutions 
were also used in the deterninations in which 2.00 N sodium and 
potassium chlorides were included in the sodium silicate gel 
mixtures and sodium, potassium, and lithium chlorides ·were included 
in the potassium silicate mixtures. 
DISCUSSION OF RE&'ULTS 
When the logarithm of the time of set was plotted against the 
reciprocal absolute tern.perature for each of the potassium silicate 
gel mixtures (Graph 1), a straight line resulted as in the case 
of the sodium silicate gel mixtures prepared by Hurd and Letterton 
(7). The value obtained for the time of set at 45° was found to 
be high in each case probably because of the cooling of the mix- 
tures below 45o by the colder air during the setting period. 
When the slopes of the resulting lines ·were measured, the average 
value obtainea was 3520 degrees which corresponds to an energy of 
activation of 16,200 calories per gra111 mo L, '11his is slightly less 
than the average value for the energy of activation for the 
setting of sodium s i L'l c at e mixtures which is 16, 600 according to 
Hurd and }!Tiller (8). A more accurate value would probably be ob- 
tained by making this deterlrlination on a series of gels having a 
variety of potash-silica ratios and taking the averae;e. ·1'he diffe:e- 
ence between the values is not large, however, indicating that the 
acceleration by temperature of the setting process is not greatly 
affected by the presence of tltepotassium ions in -place of the 
sodium ions and that these ions are probably not involved in the 
fundamental reaction taking place. 
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'dhen the logarithms of the times of set for the gel mixtures 
containing varying arnounts of potassium and sodium silicates 
were plotted against either the sodium or potassium ion concen- 
tration, a straight line resulted (Graph 2). The equation repre- 
senting this line would be: 
lo'i T= K CNa.-r +- K' 
vrhich can be derived r r ou the assunption that the fractional 
change in the tine of set brought about by a small chane;e in the 
concentration of a positive ion is proportional to the change in 
concentration. This may be represented by: 
d.T = K '' d. CNa+ +- I( '''d.CK + 
T 
v1here T is the time of set and C represents the concentration of 
the ion indicated. Since in these experiments the total positive 
ion concentration remained constant we may substitute: 
Cll/a,t- t: c:K.,.. = K IV 
giving: d.r = K''dC"' .,.. - K"'-J,,,...A, T a. "'-11..1vq r 
whi.ch yields upon integration: 
loq T= (K"-K1'1)C:ll/Qr r KV 
Which is the eouation of the lines obtained. 
Graph ~) shows the effect of sodium, potassium, and lithium 
chlorides on potassium silicate gels and of sodium and potassium 
chlorides on sodium silicate gels. 'I'he s e salts all produced 
acceleration, potassium chloride showing the Rreatest effect in 
both cases. It might be expected that a straight line would re- 
sult if the logarithm of the tine of set were plotted against the 
ion concentration as it did in the substitution experiments. This, 
however did not occur, but a straight line did result when the 
logarithm. of the time was plotted against the logarithm of the total 
ion concentration. A possible explanation for this result may be 
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obtained as follows: In these experiments the total cation concen- 
tration did not remain constant as it did in the case of the sub- 
stitution of the silicates. AS the total cation concentration 
incre~sed, the effect caused by a unit change in concentration be- 
cmne less and the coefficient of the differentials of the con- 
centrations in the equations above did not remain constant. If 
this coefficient is assumed. to be inversely proportional to the 
total cation concentration, the follovJing equation is obtained 
for a potassium silicate gel_mixture containing varying amounts 
of sodium chloride: d.T 
T 
K" dC l'la r 
K'11 (C"ta+ +Cl(r-) 
--= 
Since the potassium ion concentration is constant: 
d. (C/llcr" r C'<"-1-) = de Nat 
and the resulting integral is the equation of the line obtained, 
/oq T::: ~~' 109 (Cl'lar 1-cl(") + )(Y'I 
Consequently each line thus produced has a slope which depends 
upon the differential coefficient of the ion present in varying 
proportions. This coefficient has a different value for each ion. 
This is sho"Vlm in Graph 4 for the effect of potassium and sodium 
ions on sodium silicate gel mixtures and potassium, sodium, and 
lithium ions on potassium silicate mixtures. 
CONCLUSION 
The setting of potassium silicate and sodium silicate mixtures 
has been studied and it was found that the energy of activation 
for the potassium silicate gel mixtures was slit:;htly Lover' than 
that of tlle sodiun silicate ,c.;el rrixt.ur ee . :L•'uture vmrk mic;ht be 
done l1ith potassium silicates of different potash-silica ratios 
to obtain an average value. Jrhe e fI'ec t of varying the ion cone en- 
trations in the soclium and potassium silicate gel mixtures was 
studied and tlle assumption has been made that the fractional change 
-?- 
in the time 01· set of the gels brought about by a change in the 
concentration of a cation is proportional to that change in con- 
centration and inversely proportional to the total cation concen- 
tration thus producing linear logarithmic curves. 
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DATA FOR GRAPH 1 
'I'Lme of set and log time for mixtures containing 25 ml. 
1.22 N potassium silicate solution, 35, 40, 45, and 50 ml. 
2.00 N acetic acid and having a total volume of 80 ml. 'I'he 
mixtures set at o0 contained twice these anourrt s and had a 
total volume of 160 ml. 
ui , Acid Temp. Time Log Time 
35 450 23.8 min 1.38 
!1 35° 53.6 1.73 
It 25° 132 2.12 
" 00 1612 3.21 
40 45° 30.0 ' 1.48 
It 35° 66.9 1.83 
" 25~ 160.5 2.21 II 0 1918 3.28 
45 45° 36.0 1.56 
II 35° 78.3 1.89 
It 25° 188 .. 0 2.27 
ff 00 2241 3.35 
50 45° 42.3 1.63 
It 35g 89.l 1.95 
tt 250 21'7.5 2.34 
ii 0 2611 3.42 





Average slope - 3521° 
Reciprocal absolute teuperatures 
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DATA FOR GRAPH 2 
Time of set and log time for mixtures containing varying 
a.~ounts of 1.25 N sodium and potassium silicates, 40, 45, and 
50 ml. 2.00 N acetic acid 
and having a total vo l ume of 80 ml. 
rremperature - 25° Times are in minutes 
Ml. Silicate 50 ml. 
acid 45 ml. acid 40 ml. acid 
Na K Time Log 
Time Log Time Log 
0 25 195 
2.290 170 2.230 145 2.161. 
5 20 204 
2.310 181 2.258 153 2.185 
10 15 218 
2.339 196 2.292 164 2.215 
15 10 229 
2.360 206 2.314 174 20241 
20 5 241 
2.382 216 2.335 187 2.272 
25 0 259 2.413 









. v'1k- I 
2:38 PPrA -s I I ·l t 
A 
~ I -·t- +- 
I 
I 2.36 
t-- I · _ _j I - - r- - - _ J -· -1- I I --r--:- I 
234 
I I 








--r-- _J +--- -· t ' .. , I 
I I 
230 





- --+---- I I 
l ·• - 
2.Z6 I _L --+-- I -l 
' I I I. I j 
l 2.24 ! . I -- r--- --1 t -- --r-- - ----- --,--- I I . I . I ' - I I 
222 I 
-. ~· I . 
220 ; . 'f ++ -·--- -. -. - I • , , . . 








i ~ 01~ __.µ.LJ1a1~~~ 
/,£ I 
I Po· 
--~~- -- t 
r • I . I 




' - -+ 
I 
--- t- 
DATA FOR GRAPHS 3 AND 4 
Time of set and log time for sodium silicate and potassium 
silicate mixtures containing 25 ml. l.25 N silicate solution, 
35 ml. 2.00 N acetic acid, varying amounts of 2.00 N electro- 
lyte solution, and having a total volume of 80 ml. 
Temperature - 25° Times are in minutes. 












Time Log Time Log 
167 2.223 167 2.223 
139 2.143 123 2.090 
120 2.079 102 2.009 
111 2.045 85 1.929 
102 2.009 77 1.887 
Tull. Electrolyte Log total cation 
Concentration 




Time Log Time Log 
116 2.061 116 2.061 
108 2.033 102 2.009 
102 2.009 90 1.954 
95 1.978 82 1.914 
92 1.964 
0 -.409 116 2.061 
5 -.288 110 2.041 
10 -.194 105 2.021 
15 -.116 l02 2.009 
20 -.05l 99 1.996 
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